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AF'OLLO APPLICATIONS PROGRAM 

TWO-AND-ONE-HALF-STAGES-TO-ORBIT TRACKING ANALYSIS 

By Melvin R .  Rother and R. Leroy McIienry 

1 . 0  SUMMARY 

The r e s u l t s  of a t r a c k i n g  study of t h e  two-and-one-half-stages-to- 
o r b i t  (THSO) maneuver are documented i n  t h i s  no te .  From t h e  r e s u l t s ,  
it can be seen t h a t  adequate t r ack ing  coverage (cont inous  coverage from 
l i f t - o f f  t o  i n s e r t i o n  plus 3 min) can be acheived f o r  o r b i t s  with 
i n c l i n a t i o n s  of 33', 35', and 37' f o r  a n o r t h e r l y  launch by use  of one 
s h i p  i n  conjunct ion wi th  t h e  Manned Space F l i g h t  Network (MSFN) ground 
s t a t i o n s  i n  t h e  v i c i n i t y  of t h e  Cape. These s t a t i o n s  inc lude  M e r r i t t  
I s l a n d ,  Grand Bahama, Bermuda, and Grand Turk. For t h e  s tudy ,  it w a s  
assumed t h a t  Antigua w i l l  not  be a v a i l a b l e .  

Coverage i s  marginal  f o r  o r b i t s  wi th  i n c l i n a t i o n s  of 50' f o r  a 
n o r t h e r l y  launch and 33', 35', 37', and 50' f o r  sou the r ly  launches i n  
t h a t  t h e  maximum cont inous coverage extends only approximately 2 minutes 
p a s t  i n s e r t i o n .  

2 . 0  INTRODUCTION 

The s tudy presented  i n  t h i s  no te  w a s  reques ted  i n  r e fe rence  1 and 
i s  designed t o  show whether o r  not t h e  MSFN s t a t i o n s  (excluding Antigua)  
and one s h i p  are adequate t o  t r a c k  t h e  THSO maneuver planned f o r  t h e  
Apollo Appl ica t ions  Program.(AAP). The THSO t r a j e c t o r y  used i n  t h i s  
s tudy  i s  t h e  nominal case  descr ibed i n  r e fe rence  2 and r e s u l t s  i n  an 
81' by 120-6. m i .  o r b i t .  The i n i t i a l  r eques t  w a s  f o r  d a t a  f o r  o r b i t s  
wi th  i n c l i n a t i o n s  of 33', 35', and 37' f o r  bo th  n o r t h e r l y  and sou the r ly  
launches.  
o r b i t s  were a l s o  included i n  t h e  s tudy .  

However, wi th  t h e  advent of t h e  d ry  workshop, 50' i n c l i n a t i o n  

The b a s i c  communication cons t r a in t  dur ing  t h e  launch phase i s  t h a t  
v i s i b i l i t y  of t h e  v e h i c l e  above a 5' e leva t ion  angle  i s  r equ i r ed  
cont inuously throughout t h e  powered f l i g h t  and f o r  a s u f f i c i e n t  per iod  
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immediatley following i n s e r t i o n  f o r  o r b i t  de te rmina t ion  and t h e  making 
of a GO/NO-GO dec i s ion .  The p o s t i n s e r t i o n  per iod  i s  nominally def ined  
as 3 minutes.  To s a t i s f y  t h e  b a s i c  communication requirement ,  it i s  
assumed t h a t  it i s  s u f f i c i e n t  t h a t  one s t a t i o n  view t h e  v e h i c l e  above 
a 5' e l eva t ion  a t  any given t i m e .  

3 .0  DISCUSSION 

To genera te  the  r e s u l t s  of t h i s  s tudy ,  t h e  fo l lowing  assumptions 
and c o n s t r a i n t s  were made. 

a.  Only one t r ack ing  s h i p  w i l l  be  a v a i l a b l e  f o r  t h e  launch t o  
i n s e r t i o n  phase of t h e  AAP miss ions .  

b .  A l l  o f  t h e  MSFN s t a t i o n s  i n  t h e  v i c i n i t y  of t h e  Cape w i l l  be  
a v a i l a b l e  except t he  Antigua s t a t i o n .  

c .  The t r ack ing  s h i p  has  an a l t i t u d e  of 0 ,  s l a n t  range c a p a b i l i t y  
of 23 400 n .  m i . ,  and r e q u i r e s  a minimum e leva t ion  angle  of 5'. 

d .  The nominal Grbi t  i s  81 by 120 n. m i .  

e .  Adequate coverage r e q u i r e s  t h a t  a t  l e a s t  one s t a t i o n  view t h e  
v e h i c l e  above 5' e l eva t ion  a t  any t i m e .  

For t h e  33', 35 ' ,  and 37' i n c l i n a t i o n  cases ,  it w a s  assured  t h a t  
t h e  s h i p  would be loca ted  on t h e  groundtrack o f  t h e  35' case  f o r  a l l  
t h r e e  cases  f o r  both t h e  n o r t h e r l y  and sou the r ly  launches.  For t h e  
50' i n c l i n a t i o n  o r b i t s  t h a t  r e s u l t  from both n o r t h e r l y  and sou the r ly  
launches ,  it w a s  assumed t h a t  t h e  s h i p  i s  on t h e  groundtracks of the  
r e spec t ive  o r b i t s .  

The groundtracks and coverages of t h e  n o r t h e r l y  launches a r e  shown 
i n  f i g u r e  1. 
and sh ips  on t h e  groundtracks of  t h e  35' and 50' o r b i t s .  
Bermuda, and a ship loca ted  a t  l a t i t u d e  35.17' N and long i tude  44.05' W 
combine t o  provide continuous coverage from l i f t - o f f  t o  SPS i n s e r t i o n  p l u s  
3 minutes f o r  t h e  33', 35', and 37' n o r t h e r l y  cases .  However, t h e  same 
s t a t i o n s  wi th  t h e  sh ip  a t  l a t i t u d e  45.0' N and long i tude  53.5' W provide 
continuous coverage only from l i f t - o f f  t o  approximately 2 minutes p a s t  
SPS cutof f  f o r  t h e  50' i n c l i n a t i o n  o r b i t .  

I n  the  f i g u r e  are shown t h e  coverage extended by Bermuda 
M e r r i t t  I s l a n d ,  

The same type  of d a t a  t h a t  were shown i n  f i g u r e  1 a r e  presented  i n  
f i g u r e  2 f o r  t h e  souther ly  launches.  Merritt I s l a n d ,  Grand Turk, and a 
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sh ip  a t  l a t i t u d e  15.6' N and longi tude 55.4' W provide continuous 
coverage from l i f t - o f f  t o  SPS cutoff  p lus  approximately 2 minutes.  The 
same s t a t i o n s  with t h e  sh ip  a t  l a t i t u d e  7.25' N and long i tude  61.75' W 
provide coverage f o r  t h e  50' case from l i f t - o f f  t o  SPS cu to f f  p l u s  
approximately 2 minutes . 

Range, azimuth, and e leva t ion  d a t a  f o r  Bermuda and t h e  sh ips  on t h e  
35' and 50' groundtracks f o r  t he  n o r t h e r l y  launches a r e  presented i n  
f i g u r e s  3, 4, and 5 .  The same type  of d a t e  a r e  presented  i n  
f i g u r e s  6 ,  7 ,  and 8 f o r  t h e  souther ly  launches.  

Note from f i g u r e  1 t h a t  any i n c l i n a t i o n  o r b i t  between 33' and 50' 
t h a t  r e s u l t s  from a nor the r ly  launch w i l l  have between 2 and 3 minutes 
of p o s t i n s e r t i o n  coverage. Corresponding o r b i t s  t h a t  r e s u l t  from a 
sou the r ly  launch w i l l  have a maximum of only 2 minutes coverage p a s t  
i n s e r t i o n  a s  shown i n  f i g u r e  2. 

The d i s t ance  between t h e  ship l o c a t i o n s  f o r  t h e  35' o r b i t s  f o r  
n o r t h e r l y  and souther ly  launches i s  approximately 1360 n.  m i .  This 
d i s t a n c e  prevents  t h e  cons idera t ion  of both n o r t h e r l y  and souther ly  
launches on t h e  same day i f  t he  s h i p  would have t o  be moved. 

4.0 CONCLUSION 

Continuous coverage i s  ava i l ab le  by use  of t h e  MSFN s t a t i o n s  and 
one s h i p  for l i f t - o f f  t o  i n s e r t i o n  p l u s  3 minutes f o r  no r the r ly  
launches t h a t  r e s u l t  i n  o r b i t s  wi th  33', 35', and 37' i n c l i n a t i o n s .  
The coverage decreases  t o  i n s e r t i o n  p lus  2 minutes as t h e  i n c l i n a t i o n  
inc reases  t o  50'. The maximum coverage f o r  sou the r ly  launches i n t o  
o r b i t s  of 33' t o  50' i n c l i n a t i o n s  i s  approximately from l i f t - o f f  t o  
i n s e r t i o n  p l u s  2 minutes.  
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